Tomatoes, members of the Solanaceae plant family, produce biologically active secondary metabolites, including glycoalkaloids, which may have both adverse and beneficial biological effects. Using the linear ion trap (LIT) mass spectrometry, multi-stage collision induced dissociation (CID) experiments (MS n ) were performed to elucidate characteristic fragmentation pathways of the glycoalkaloid, tomatidine and of β 1 -hydroxytomatine. High resolution with high accuracy mass analysis using an Orbitrap fourier transform MS with higher-energy collisional induced dissociation (HCD) was used to produce mass spectra data across a wide spectral range for confirmation of proposed ion structures and formulae.
Tomatoes, members of the Solanaceae plant family, serve as major inexpensive low fat food sources providing for energy, high-quality proteins, fiber, vitamins, pigments, as well as other nutrients [1] . Tomato fruits are among the most widely consumed vegetables in the world and play an important role in the human diet. They are considered an healthy food due to the presence of key antioxidants, but on the other side they also produce biologically active secondary metabolites such as glycoalkaloids and aglycon, which serve as natural defense agents against plant phytopathogens including fungi, viruses, bacteria, insects, and worms [2] . These compounds play an important role in natural plant protection [3] , and it has also been established that stresses such as exposure to light, frost damage and tissue wounding during harvesting can lead to an accumulation of these toxic glycoalkaloids in tomatoes. One of the early studies of the mass fragmentation processes in glycoalkaloids employed sector instruments with both low energy and high-energy collision induced dissociation (CID) of the [M+H] + ions. The product ion data included the carbohydrate sequence and linkage sites together with ions that were characteristic of the aglycon moieties [4] .
In our previous work [3] we have elucidate the mass fragmentation pathways of potato glycoalkaloids and aglycons by combining the power of MSn using a linear ion-trap (LIT) MS together with the high resolution and the high mass accuracy capabilities of the Orbitrap MS. Additionally, various analytical methods that have been developed for the determination of glycoalkaloids include mass spectrometry, such as GC-MS [5] , capillary electrophoresis (CE) MS [6] and LCMS/MS [7] . The aim of the studies reported herein were to elucidate the mass fragmentation pathways of the main tomato aglycon, tomatidine, and one less studied tomato glycoalkaloid, β 1 -hydroxytomatine, by combining the power of MS n using a linear ion-trap (LIT) MS to determine the sequence of fragmentations, together with the high resolution (100,000 FWHM) and the high mass accuracy capabilities of the Orbitrap MS to confirm the formulae of proposed product ions. This data can be useful in determining new analogues and bioconversion products of glycoalkaloids. The instrumentation employed in these studies was a LIT MS coupled with an Orbitrap FT mass analyzer. This hybrid configuration greatly facilitates the identification of analytes and the elucidation of mass fragmentation pathways because the parallel data acquisition on two mass analyzers deliver MSn data with high mass accuracy determinations of precursor and product ions.
In fact, from our results emerged that the HCD MS 2 spectrum ( Figure 1 ) of tomatidine (in which the [M+H] + precursor ion is m/z 416) is dominated by the water-loss ion, m/z 398 and ions due to fragmentation of the ring attached to the spirosolane ring (i.e. the ring containing nitrogen as heteroatom) that produce the hydrocarbon ions, m/z 273 and m/z 255. Interestingly, this fragmentation also leads to the same nitrogenous ions, m/z 126 and m/z 98, that were observed in the HCD MS2 spectra of α-tomatine, in our previous paper [1] .These ions were observed also in the glycoalkaloid spectra reported previously for the aglycon demissidine [3] . The fragmentation of the ions at m/z 273 and m/z 255 yielded series of unsaturated hydrocarbon ions but the major product ions were at m/z 161 and m/z 159 which confirms the proposed fragmentation ( Figure 2 ). The mass fragmentation pathway proposed for the aglycon tomatidine is shown in Figure 2 spectrum yielded a high abundance of the water loss ion (m/z 900) from the sugar moiety. The MS 3 fragmentation of the water loss ion produced an additional water loss ion at m/z 882, and produced the fragmentation of the glucose monosaccharides attributing to the product ion at m/z 738. The MS 4 fragmentation of the ion at m/z 882 is attributed to a facile loss of the monosaccharide glucose to produce the product ion at m/z 720. The MS 4 fragmentation of the ion at m/z 738 produced a water loss ion at m/z 720, and produced the fragmentation of the glucose monosaccharide attributing to the product ion at m/z 576. The mass fragmentation pathway proposed for β 1 -hydroxytomatine is shown in Figure 3 .
Experimental
Chemicals and reagents: Analytical standards of tomatidine and β 1 -hydroxytomatine were purchased from TCI Europe (Boerenveldseweg, Belgium). Stock solutions at concentration of 1000 µg/mL were prepared from the pure standard compound using methanol. Standard working solution, at various concentrations were prepared daily by appropriate dilution with methanol of aliquot of the stock solution. Analytical grade formic acid was purchased from Prolabo (Manchester, UK). Solvents, including HPLC grade methanol and HPLC grade water, were purchased from Fisher (Dublin, Ireland). 
Mass spectrometric conditions:
The LTQ Orbitrap XL hybrid mass spectrometer (ThermoFisher Scientific, Hemel Hemstead, UK), was calibrated using a solution containing caffeine, methioninearginine-phenylalanine-alanine acetate (MRFA) and Ultramark 1621, according to the manufacturer's instructions. Toxin stock solutions were diluted using methanol containing formic acid (0.01%) and each standard (1 μg/mL) was infused for 2 min through a heated electrospray interface (HESI) source, operated in positive ionization mode. The following optimized source settings were used: capillary temperature 240 °C, vaporization temperature 50 °C, sheath gas flow 35, aux gas flow 30, source voltage 4 kV, source current 100 μA, capillary voltage 52 V and tube lens 120 V. MSn (n = 2-4) studies were performed using CID in the LIT MS. The product ion accurate mass data were generated using the LTQ Orbitrap XL mass spectrometer, in Fourier transform (FT) mode, at a setting of 100 000 (FWHM) resolution. For these purposes, the fragmentation was carried out on ions, isolated using LIT MS, in a higher energy collisional dissociation (HCD) cell. 
